Predicting tool-wear (and thereby, tool-life) and selecting proper coated tools along with appropriate tool geometry still remains a major concern for industries trying to achieve increased productivity using automated machining processes. This study is focused upon aggressive high-speed rough turning of AISI 1045 steel. The wear patterns in different coated tools (one mono-layer PVD and two multi-layer CVD coatings) are correlated to changes in nominal tool geometry. This study focuses on the role of tooling geometry (inclination and rake angles) and their importance in dictating the behavior, performance, and wear of coated tools. Using an 'equivalent toolface' (ET) model, this study correlates the nominal tool geometry to an equivalent geometry, thereby introducing a new methodology for characterizing the complex effects of multilayer coatings in terms of simple effective tool geometry. The ET approach provides a new angle for understanding the tribological effects of coatings in machining.
INTRODUCTION
The advent of advanced coatings for cutting tool applications has alleviated several challenges in achieving manufacturing productivity. At the same time, this has generated new challenges in terms of characterizing the effects of these coatings and the corresponding development of predictive models for machining performance. Tool coatings have been especially helpful in bringing in spectacular improvements in wear resistance and hence, tool-life. However, manufacturers are still interested in pushing the envelope by utilizing the tools to their maximum cutting speeds and feeds. This study was motivated by the concept of using high speeds (about 50-100% higher) than those nominally used in rough turning of 1045 steel. How do coatings respond to aggravated conditions? More specifically, for this particular paper, these questions drove the research: i) can we characterize the effects of coatings in a simple manner, ii) how can we correlate coatings simultaneously to measures such as tool-wear and chip morphology, and iii) how can we establish the effects of continuously changing tooling geometry? These questions were initially and partially addressed by this study on high speed turning of 1045 steel. Balaji and Mohan (2004) had used effective thermal conductivity to characterize the integrated behavior of coatings. In this work, as a practical alternative, we propose using the equivalent toolface (ET) model to characterize the complex effect of mono-and multi-layer coatings. The equivalent toolface (ET) model was developed (Jawahir et al., 2000) to solve the problem of effectively representing the toolface orientation of a complex grooved (chip breaker) tool in order to correlate chip formation to measured or predicted cutting forces.
'EQUIVALENT TOOLFACE' CONCEPT
The concept is based on iteratively matching experimentally measured cutting force components to the base cutting forces for a flat faced tool (obtained from a predictive model by Redetzky et al., 1999) and keeping the tool orientation (normal rake ( n ) and inclination ( s ) angles) as a variable. The new tool orientation that maps the complex tool's forces to the base flat-faced tool forces is called an 'equivalent toolface' orientation and represents an equivalent flat face in space that can represent a complex tool geometry in a simple planar manner. This simplified representation, thus, can effectively correlate cutting forces (a relatively simple performance measure) to more complex measures such as chip morphology and tool-wear. In this study, the ET concept was used to evaluate the effects of different coatings on machining by mapping them to an equivalent toolface that truly reflected their behavior. 
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EXPERIMENTAL WORK
High speed rough turning experiments were carried out on a CNC turning center with 0.35 mm/rev., 2 mm depth of cut and 400 m/min. cutting speed. Four tool materials/coatings were considered (Table 1 ) and these were represented on triangular inserts (TNMA 332) with a 0.8 mm nose radius. Two nominal tool orientations were considered: TH1 with n = -5 deg., s = -5 deg.; and TH2 with n = +5 deg., s = 0 deg. TH1 is a typical negative orientation recommended by tool manufacturers. TH2 was tested to see the difference that a relatively positive orientation will make on tool performance. 
RESULTS AND DISCUSSION
Tool-wear: Figure 1 shows SEM photographs of the tools at the time of failure or at 45 seconds of cutting time. CVD 3 was still effective even after cutting for 45 s although the beginnings of crater wear traces were visible. The PVD tool failed at 17 sec. using TH1 and at 8 sec. using TH2. The CVD1 tool showed contrasting results with TH1 and TH2: with TH1, CVD 1 failed at 25 sec; however, even at 45 sec., CVD 1 did not fail and did not even show any visible traces of the beginning of wear. In all cases, where the tool wore out, crater wear was the progressive and active mode (due to the high temperatures enforced by the aggressive cutting conditions). However, in the case of PVD, the growing crater also caused the flank to suddenly wear out since the crater reached the secondary cutting edge. The only case that showed progressive concurrent flank wear too was PVD with TH2. CVD 3 (with a 5-layer coating) seemed unaffected by the change in tool geometry as seen by the relatively good wear resistance. CVD1 saw a marked improvement in wear resistance by using a more positive geometry (TH2). However, PVD showed the opposite effect; using TH2 accelerated the wear process and the tool 1 k eff values derived from Balaji and Mohan (2004) failed at 8 sec. Thus, it can be seen that individual coatings have distinct tribological performance differences when the nominal tool geometry is changed.
Coating Effects (using ET): As an initial attempt to evaluate the effectiveness of the ET concept, the initial experimental forces from unworn tools (i.e. at steady state but with no wear), were input into the ET model in order to provide a means of characterizing the sole effects of coatings in changing the effective tool geometry (and hence performance). Table 2 shows the resulting ET geometry for the different coated tools for the two nominal tool orientations (TH1 and TH2). One can notice the significant changes in the effective tool geometry caused by the coatings. For example, PVD with TH2 (a slightly positive geometry) actually behaves like a very positive tool ( nET = +14 0 and sET = +9 0 ) and this geometry is not very resistant to wear, especially flank wear. Correlating this to Figure 1 , we can see that this combination exhibited relatively more flank wear and the tool failed rapidly at 8 sec.
Thus, this study has shown that: (i) the wear resistance of certain tool coatings are strongly influenced by the tool geometry, and (ii) the ET method is a useful means of evaluating the complex effects of different coatings in a universal, simple framework. 
